Introduction 38
Size and morphology of cyanobacteria, particularly colony formation, critically affect 39 grazing pressure by zooplankton, migration velocities, and nutrient uptake (Xiao et al. 40 2018) . They determine whether populations are entrained into the prevailing mixed layer 41 turbulence or become buoyant, which is often associated with surface bloom formation 42 The mixing experiment was carried out using a laser particle analyzer (Mastersizer 88 2000 Particle Size Analyzer, Malvern Instruments, Ltd). The propeller has three blades 89 and was set 15 mm above the bottom of a 500 mL beaker (Fig. 1a ). The propeller was 90 connected to the analyzer with a pump to mix the media in the beaker during the 91 experiment ( Fig. 1a ). The propeller was set at rotation speeds of 600, 800, 1000, 1200, 92 1400 and 1600 rpm, and run for 30 min at each speed. From preliminary experiments, a 93 rotation speed of 600 rpm was found through trial and error to produce minimal 94 disaggregation of Microcystis colonies of all the three morphospecies, and 1600 rpm 95 produced significant disaggregation without visible air bubbles. 96
For each group of mixing experiments, background measurements were firstly 97 conducted using 450 mL of tap water in the beaker without added Microcystis colonies 98 ( Fig. 1a ). Thereafter, the three size groups of the three Microcystis morphospecies were 99 gently mixed into the beaker for measurements of colony size distribution. Measurements 100 started when the obscuration parameter of particle size analyzer, which reflects 101 concentration of colonies in the beaker, reached 15%. Here, the obscuration value of 15% 102 was chosen because it is the optimal concentration for the laser particle analyzer to pick 103 up the size distribution. The values of intrinsic refractive index (n) and absorption of light 104 by the particle (k) by the laser particle analyzer were set to 1.40 and 0.1, based on For DELBM simulations, the shape of propeller is described by a three-dimensional 125 polygon mesh, where the impeller is resolved using a Computed Tomography (CT) scan 126 to minimize error in the numerical representation of the propeller shape. The original 127 very fine mesh from the CT scan was reduced to a coarser resolution (see Fig. 1b -g) 128 without losing the general shape of the propeller, based on preliminary simulations. Two grid resolutions (88×88×110 and 176×176×220) for the beaker were tested to check the 130 independence of simulations on the grid resolution, i.e., the difference between the two 131 resolutions were found negligible. Thus, the grid resolution and the time step were set to 132 1×10 -3 m and 5×10 -5
Values of total turbulent kinetic energy (TKE, m s, respectively, and approximately 850,000 lattices were used to 133 represent the beaker in the simulation. The relaxation parameter, which is a dimensionless 134 parameter dependent only on the viscosity, was set to 0.500015 corresponding to the 135 viscosity of water at room temperature during the mixing experiment. Results 167
Effects of turbulence on disaggregating Microcystis colonies 168
The effects of turbulent mixing on disaggregation of Microcystis colonies differed 169 substantially, depending on morphospecies, mixing intensity and mixing duration (Fig. 2) . 170 M. ichthyoblabe, which has tightly packed cells, was most easily disaggregated ( Fig. 2a,  171 d, g), followed by M. aeruginosa (Fig. 2c which is however, three orders of magnitude less than our minimum value. One reason 281 for their much lower dissipation rate might be that measurements were outside of the 282 stirred grid where the values are likely to be considerably smaller. Microcystis colonies 283 used in our study were collected from large, wind-exposed lakes. The colonies collected indicate that large colonies are not as fragile as has been postulated (e.g., (Otten and Paerl 295 2011)) and colony morphology associated with differences in Microcystis morphospecies 296 may be more significant than colony size per se. 297 50 of the colonies with time 301 appears to follow an exponential decay, suggesting a first order kinetic reaction. This 302 reaction suggested that the decrease rate of D 50 304 was a constant at each dissipation rate. 303
Changes in colony morphology induced by turbulence 305
Our experiment also illustrated that the tightly packed cells in M. ichthyoblabe 306 colonies were easily disaggregated into smaller colonies comprised of loosely bound cells. 307 M. flos-aquae has sometimes been recognized as a morphotype of M. ichthyoblabe; a 308 taxonomic classification also noted by Watanabe (Watanabe 1996) . Any changes in 309 colony morphology of M. aeruginosa exposed to turbulence were not recognizable in the 310 current study. 
